Introduction. Total knee arthroplasty (TKA) has been proven to be very effective for long-term pain relief in the degenerative knee. Few studies have investigated short-term clinical and functional outcomes between the cemented and cementless TKA. The specific aim of this study was to assess the potential difference of functional outcomes in the early postoperative period between these two surgical options using the Knee Society Score (KSS) and range of motion (ROM).
INTRODUCTION
The field of orthopedic surgery constantly is searching for more effective and efficient ways to provide patients with the most high quality care. Total knee arthroplasty (TKA) is the standard of care in treatment of end-stage degenerative joint disease of the knee. TKA generally results in relief of pain, improvement of physical function, and a very high level of patient satisfaction. 1, 2 As the demand for TKA increases and the procedure is performed more often in younger (fifty-five years or less) and more active patients, 3-8 both long-term clinical outcome and survival rates need to be considered. Early postoperative physical therapy, pain control, and postoperative motion are also important aspects of patient care that must be addressed.
Traditional cemented TKA has demonstrated good clinical outcomes and high survivorship in the general osteoarthritis population. Cemented TKA also has shown a low rate of aseptic loosening in long-term studies. [9] [10] [11] [12] [13] However, osteolysis at the cement-bone interface has been demonstrated and raises the question about the long-term durability of cemented TKA. 2, 14, 15 Cementless TKAs have been developed in an attempt to improve the longevity of implants. An implant that allows bony ingrowth at the bone-implant interface theoretically increases the stability of the implant by creating a biologic fixation that has the ability to remodel over time. [3] [4] [5] [16] [17] [18] [19] [20] [21] Although several studies have compared intermediate and long-term results of survivability and patient outcome scores for the cemented and cementless TKA, 2, 12, 14, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] to our knowledge there are no current studies that investigate short-term clinical and functional results between these two surgical options. With some data suggesting that cementless implants may offer more long-term stability, it is important also to assess the early post-operative outcomes of cementless TKA. Early physical therapy, pain control, range of motion, and post-operative activity are important to patient outcomes and satisfaction. It is important to determine if those cementless TKA patients can undergo an identical post-operative protocol to cemented TKA, without concerns about implant stability or function. The specific aim of this study was to assess the potential difference of functional outcomes in the early postoperative period between cemented and cementless TKA using the Knee Society Score (KSS) and range of motion (ROM).
MATERIALS AND METHODS
A retrospective study was performed on a total of 164 knees. TKAs were performed by or under the direct supervision of the senior author, at a single institution, between 2007 and 2010. These patients were treated with either cemented or cementless Stryker Duracon TKA prostheses (Stryker Orthopaedics, Mahwah, NJ) based on the primary surgeon's clinical judgment and shared decision making with the patient. Before commencing, this study protocol was reviewed and approved by Institutional Review Board.
EARLY OUTCOMES OF CEMENTED VS CEMENTLESS TKA continued.
Patients between 35 and 80 years of age that received TKA with either cemented TKA prosthesis or press-fit cementless prosthesis were included regardless of age, gender, body mass index (BMI), bone density, medical comorbidities, or social factors. Patients that did not undergo total knee arthroplasty with either prosthesis, and patients who had undergone previous knee replacement surgery, were excluded.
Three different TKA prosthetic designs with identical external geometries and dimensions were included in this study: cruciate retaining (CR), posterior stabilized (PS) and cruciate substituting (CS). The cementless components have a porous press-fit surface with hydroxyapatite coating for contact with the bone cut surfaces, whereas the cemented components have a smooth nonporous finish. Standard tibial polyethylene inserts were used.
Standard TKA surgical techniques were performed on each patient, and a tourniquet was used. The knee was approached through a midline incision with a standard medial parapatellar arthrotomy. Bone cuts were made using the manufacturer's protocol and cutting blocks. A decision was made regarding posterior cruciate retaining or sparing technique based on intra-operative stability as determined by the primary surgeon. In knees with cemented fixation, the cut surfaces of both femur and tibia were washed with normal saline solution by pulsatile lavage to remove blood, fat, bone marrow, and other bone debris. The femoral and tibial implant components were implanted using the Surgical Simplex-P bone cement (Stryker Howmedica Osteonics, Mahwah, NJ). For tibial implant, the positive pressure intrusion technique was performed by applying bone cement onto the tibial bone cut surface, then finger packing the cement into the bone. The tibial component was impacted into place. For femoral implant, cement was applied to the anterior chamfer and flange of the femur, and also applied to the distal and posterior chamfer regions of the femoral component. Excess cement was removed from around the implants, and the knee was held in full extension until the cement had polymerized completely. In knees with cementless fixation, femoral and tibial components were inserted with a press fit directly onto the cut bony surfaces. Component stability was confirmed manually by flexing and extending the knee to extremes of motion, and applying varus and valgus stress.
Data collection included patient demographics, pre-and postoperative range of motion (ROM), and knee society scores 28 at each visit. Patient demographic data included patient age, sex, weight, height, body mass index (BMI), and primary diagnosis. The active ROM of the knee with the patient in the supine position was determined pre-operatively and at three follow-up visits (1.5 months, 3 months, and 12 months) using a standard goniometer. Knee scores were calculated with the system established by the Knee Society. 28 Two separate scores were assigned: functional and clinical scores. The functional score was based on the pa-tient's ability to walk, climb stairs, and use walking aids; whereas the clinical score was related to patient pain, range of motion, and stability. All patients with either cemented or cementless TKA received the same supervised post-operative care including: early mobilization (out of bed the day after surgery), weight bearing as tolerated, and, for most, formal physical therapy.
STATISTICAL ANALYSIS
Independent samples t-tests using SPSS software (Version 19.0; SPSS Inc, Chicago, IL) with 95% confidence interval were used to determine significant differences in numerical variables (age, BMI, ROM, and KSS) between the cemented TKA prosthesis and the press-fit cementless prosthesis.
RESULTS
A total of 164 consecutive knees (139 patients) revealed that 67 knees (59 patients) were in the cemented TKA group and 97 knees (80 patients) were in the cementless TKA group. Out of the 67 knees in the cemented TKA group, 37 knees were female and 30 were male, while out of the 97 knees in the cementless TKA group, 51 were female and 46 were male. The mean patient ages were 55.7 ± 6.1 years (range: 36 -65) for the cemented TKA group and 57.3 ± 8.8 years (range: 37 -79) for the cementless TKA group. The mean patient BMI was 36 ± 8 (range: 22 -55) for the cemented TKA group and 35 ± 8 (range: 20 -59) for the cementless TKA group. No significant difference was recognized in either age or BMI between these two groups (Table 1) . 
RANGE OF MOTION (ROM)
When the pre-and post-operative ROM for both groups were compared, the cementless group showed a significant early improvement at the 1.5-month post-operative time (cemented: 3º improvement; cementless: 4º improvement), while the cemented group showed improvement only at the 3-month post-operative point (cemented: 10º improvement; cementless: 9º improvement; Figure 1 , p = 0.42). as there were no significant differences detected between the 3-month and 12-month period (Table 2) . However, there was a trend of improvement in ROM from pre-operative to 12-month post-operative for both groups (Figure 1, Table 2 ).
When the ROM was compared between each time period and on each individual TKA prosthetic design, the PS TKA prosthetic design had no significant difference apparent for both cemented and cementless TKA group (Table 3) , but this could be due to low power (cemented: n = 8; cementless: n = 7). For the CR TKA prosthetic design, the CR-cementless group showed a significant early improvement at the 1.5-month post-operative point (p < 0.05, Figure 2a ; Table 3 ), while the CR-cemented group showed improvement only at the 3-month post-operative time, and there were no statistically significant differences in ROM between Pre-Op and the 1.5-month period for the cemented TKA group (Figure 2b , Table 3 ). For the CS TKA prosthetic design, the CS-cemented group showed a slow improvement in terms of ROM from pre-to post-operative with no significant differences detected between each time period; whereas the CS-cementless group exhibited a significant improvement in ROM after three months post-operative ( Figure 2 , Table 3 ). 
KNEE SOCIETY SCORE (KSS)
Using the KSS outcome score, no significant differences were detected between the cemented and cementless TKA groups at each measured time period (Figure 3) . Both groups showed a significant improvement (cemented: 135%, cementless: 125%) in KSS at 1.5 months post-operative and appeared to be stabilized after three months, with no statistically significant differences detected between the 3-month and 12-month post-operative periods (Figure 3) . The Knee Society Clinical Score was compared between each time period and on each individual TKA prosthetic design. The PS TKA prosthetic design had no significant clinical improvement for the cementless TKA group between each measured time period, but this could be due to low power (n = 7). However, there was a significant clinical improvement detected between the cemented TKA group when comparing the pre-operative and the 1.5-month post-operative period ( Figure  4a ). For the CR TKA prosthetic design, both the CR-cemented and the CR-cementless groups showed a significant clinical improvement at the 1.5-month post-operative point and continued to show improvement at the 3-month post-operative time (p < 0.05, Figure 4a ). For the CS TKA prosthetic design (which is similar to the CR TKA) both the CS-cemented and the CS-cementless groups showed a significant clinical improvement at the 1.5-month post-operative point and continued to show improvement after three months (p < 0.05, Figure 4a ).
When the Knee Society Functional Score was compared between each time period and on each individual TKA prosthetic design, the PS-cemented TKA prosthetic design showed a significant functional improvement between the pre-operative and the 1.5-month post-operative periods (Figure 4b) . The CR-cemented group also showed no significant functional improvement between each measured time period. However, the CR-cementless TKA group showed a significant functional improvement at the 1.5-month post-operative point (p < 0.05, Figure 4b improvement beyond the 3-month post-operative interval. For the CS TKA prosthetic design, both the CS-cemented and the CS-cementless groups showed a significant functional improvement at the 1.5-month post-operative time and continued to show improvement at 3-month post-operative (p < 0.05). However, the knee functional score appeared to be stabilized after three months post-operative for both groups, with no statistically significant difference detected between 3-month and 12-month post-operative period (Figure 4b ). 
DISCUSSION
The success of modern TKA has come as a result of the evolution of implant design, improved surgical techniques, careful patient selection, and standardized post-operative rehabilitation protocols. 24, [29] [30] [31] Laboratory and clinical studies have shown that bony ingrowth into porous hydroxyapatite-coated implants can provide a stable interface for component fixation. 32
Hydroxyapatite has been shown to convert a movement-induced fibrous membrane into a bony implant anchor. 33 However, bone ingrowth needs time, and restriction of post-operative knee motion and limitation of weight bearing is not conducive to successful outcomes and patient satisfaction. 34 The greatest improvement in knee flexion occurs within the first six to seven weeks post-operatively. TKA patients that acquire 95 -120° of knee flexion at 12-months post-operative achieve satisfactory function and perform most activities of daily living. [34] [35] [36] [37] These studies highlight the importance of early active knee flexion for maximum patient satisfaction, and the findings of our study are congruent with these studies. The cementless TKA group showed a significant early improvement ROM compared to the cemented TKA group.
Some potential benefits of cementless TKA include preservation of bone stock (which potentially provides a better and more durable bone-implant interface), decreased operative time, avoidance of intramedullary pressurization and possible fat emboli, decreased soft tissue inflammation (thermal injury from curing cement), and carries no risk of mechanical cement failure. These advantages may have important positive benefits for longevity of TKA.
There are data suggesting that cementless components provide a more intimate relationship with bone that will increase the longevity of the implant interface and decrease the propensity for loosening of components. This becomes particularly important considering the increasing number of TKAs performed in younger patients. Demey et al. 25 showed a significant difference in radiolucent lines between cemented and cementless TKA. Gao et al. 26 also showed no difference in magnitude and pattern of migration of the femoral pressfit implant compared with cemented components as measured by radiostereometric analysis at two year follow-up.
There are a number of limitations associated with this study. First, the sample size was small and patients were recruited from a single surgeon. This did not allow for differences that may occur from varied surgical approaches and different prostheses, which could produce differences in results. Second, there was no strict control of physical therapy protocol, as patients were free to choose their therapist after leaving the hospital. In addition, no radiographic studies were utilized to look at implant fixation or osteolysis, and patients were not randomized to a specific treatment group. Furthermore, this study focused solely on the early functional outcome after TKA in terms of KSS and range-of-motion, but did not collect or evaluate the patient's daily function or subjective satisfaction with the procedure.
CONCLUSIONS
This study demonstrated that there was a significant early improvement in ROM for the cementless TKA group compared to the cemented TKA group, but no statistical significant difference in Knee Society Scores between both TKA groups. However, both TKA groups eventually reached similar ROM and KSS scores after a three-month, post-operative interval.
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EARLY OUTCOMES OF CEMENTED VS CEMENTLESS TKA continued.
The findings of this study provided evidence that cementless TKA patients can undergo an identical post-operative protocol to cemented TKA, without concerns about implant stability or function.
